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FRAGMENTATION  TEST 


Record  No. 


Date 


August  1954 


SUBJECT: 


Ihell,  HB,  60  mn,  Folding  Ain,  Tj^pec;  BD-106-1, 
Ketal  Parts  Assembly 


5 4AA  6 0:-H9 


CONFIDENTIAl 


GF  lart  ©y/h'b/lil60 
Picatinny  Arsenal,  Dover,  I;»J. 
6 August  195h 


TEST  RECORD  I!0;  28? 


REPEPEKCE; 

DESCRIFTIOII  OF  AI.TJO; 
DRAWBIG  VUT.TBERS: 


Project  ITo,  Tal-li+02 

Shell,  !TE,  60  mra.  Folding  Fin  Type  BD-IO6-I, 
manufactured  by  the  Budd  Company  from  Steel,  Carbon, 
Bar  Stock,  1020,  Spec  QQ-S-633. 

Complete  Round:  \VS-515ij^»  l/2l/5^ 

Shell  Loading:  T/D-5I96X,  Vrt)-5197X,  2AAi+ 

Shell  I'otal  Parts:  ?n-5152-  -X,  Rov  l/l2/3k 

(Assembly  Details) 


QUAITTITY  Ii;  LCT:  3 in  each  lot 

QUA'  T ITY  FRAG"  EllTED : 6 


‘ETHOD  FUrCTIOimiG:  ?.todified  I!52  Fuze,  Draiving  , initiated  ydth 

Corps  of  Engineering  blasting  cap, 

PURPOSE  OF  TEST:  The  object  of  this  test  was:  (a)  to  compare  the  frag- 

mentation properties  of  TT’i’-loaded  type  BD-IO6-I  folding 
fin  Shell  metal  parts  with  those  of  the  Comp  B Type 
BD-IO6-I  folding  fin  Shell  metal  parts  and  (b)  to  compare 
the  fragmentation  properties  of  the  Type  BD-IO6-I  Shell 
(both  TiiT  and  Comp  B-loaded)  vhlth  tiiose  of  similarly 
loaded  Shell,  HE,  60  mm  TPi;. 


FRAG’EITTATIOr  PR0CEDURE:6  Shell  vrere  fragmented  at  ambient  temperature.  (5  shell 

TUT-loaded,  5 -thell  Comp  B-loaded).  The  shell  were  as- 
sembled equipped  vd.th  electric  ignition  and  placed  in  a 
pine  box  vri.th  ■a'''  mil  thickness,  Tlie  overall  dimensions 
of  the  box  were  6"  x 8"  x I6",  The  box  was  placed  on  end 
over  6'  of  sawdust  in  a li+’  - 9"  deep  fragmentation  tub, 
151  - 5"  in  diameter  at  the  top  tapering  to  I3" 
diameter  at  the  bottom.  The  box  v;as  covered  with  5’  oi" 
sawdu  st . 


FPJlGr.EIHATIOU  RECOl^ERY 
CLASSIFICATION: 


Fragments  v/ere  recovered  from  tub  by  sifting  the  sa-wdust  on  a mechanically- 
operated  screen  of  No.  8 Hesh  (,095”  opening,  ,032  vn.re  diameter),  using  a magnetic 
separator.  The  fragments  v/ere  c''assified  by  weight  and  grouping  according  to  the 
follovring  weight  zones; 


Group  0 - 0 to  3 grain 
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Group  1 - -g-  to  2 grains 
Group  2 - 2 to  5 grains 
Group  3 “ 5 "fco  10  grains 
Group  U.  -10  to  25  grains 
Group  5 ”25  to  50  grains 
Group  6 -50  to  75  grains 
Groip  7 -75  to  150  grains 
Group  8 -I50  to  750  grains 
Group  9 ”750  to  2500  grains 
Group  10-0v«r  25OO  grains 

Tha  60  nsn  mortar  shell  metal  parts  agsemblies.  Type  BD”106-1  vAiich  were  frag- 
mented during  the  course  of  this  test  were  of  two-piece  silver  soldered  base  plug 
construction  as  shovm  on  Drawing  Ko  WB-5152-  “X,  Rev  1/12/5I4..  The  complete 

round  assembly  fragmented  consisted  of  both  the  shell  body  and  folding  fin  emd 
boom  assembly.  The  fold_ag  fin  and  boom  assembly  (integral)  was  attached  to  the 
threaded  end  of  the  base  plug  on  the  shell  body.  The  fin  and  boom  assemblies  were 
manxjfactured  from  aluminum  alloy,  2J+  ST  - L,  Spec  QQ-A-35^*  Th®  steel  and  alu- 
minum fragments  wore  recovered,  segregated  into  two  groups,  counted,  and  reoorded 
separately.  The  steel  fragments  were  recovered  by  moans  of  a magnotio  separator 
and  the  aluminum  fragments  were  reoovorec  manually. 


Discussion  & Conolusions: 

Based  on  ihe  limited  data  available,  ihe  following  observations  were  madei 

Considering  the  opinion  that  effective  lethality  is  obtained  only  with  frag- 
nents  occurring  over  10  grains  in  size.  Comp  B-loaded  shell  produced  a greater 
total  number  of  effective  fragments  than  the  T13T-loaded  shell. 

The  average  total  number  of  Comp  B-loaded  steel  shell  fragments  occurring  above 
10  grains  is  I15I4.  and  the  average  total  number  of  TNT-loaded  steel  shell  fragm«its 
occurring  above  10  grains  is  399* 

The  average  total  number  of  Comp  B-loaded  shell  alumin\«n  fragments  occurring 
above  10  grains  is  27* 

The  average  total  number  of  TlIT-loaded  shell  aluminum  fra^ents  occurring  above 
10  grains  is  3U, 

A graphical  representation  of  the  data  given  in  the  preceding  three  paragraphs 
is  shown  in  Figure  1. 

A curve  of  peroout  averagB  oumulative  weight  of  steel  shell  fragments  versus 
group  number  for  the  TNT  and  Comp  B-loaded  shell,  respectively,  is  shown  in  Figure  2. 
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The  "Feroent  average  cumulative  weight"  is  "based  on  the  average 
v/eight  of  fragments  (per  group  nmber)  of  each  group  of  5 projectiles  on 
the  inclosed  data  sheets. 

By  definition,  the  average  cumulative  weight  of  fragments  equals  the 
average  weight  of  fragments  in  a group,  plus  the  average  v^eight  of  frag- 
ments in  all  preceding  groups.  The  percent  average  cumulative  weight  of 
fragments  is  defined  as  the  ratio  of  the  average  cumulative  weight  to  the 
average  v/eight  of  the  empty  shell. 

Average  total  vreight  of  Comp  "B-loaded  steel  shell 
fragments  occurring  "betr\,-een  10  and  '^0  grains 

divided  "by  Weight  of  empty  shell  X 100  - UU% 

Average  total  weight  of  TI’T-loaded  steel  shell 
fragments  occurring  "betwea'’.  10  and  50  grains 

divided  "by  v;eight  of  empty  shell  X 100  -■  37*5;1 


The  statanent,  made  above,  that  effective  lethality  is  obtained  only 
vri.th  fragments  occurring  over  10  grains  in  size,  and  also  the  statement  that 
fragments  in  the  vreight  range  of  10  to  50  grains  constitutes  the  optimum 
casualty  producing  size  of  fragment,  is  based  entirely  on  the  criterion  es- 
tablished by  "ffatertown  Arsenal  as  given  in  1st  Indorsement,  Traberto\vn 

Arsenal  to  Picatinny  Arsenal,  ORDBE-L  l471»2/l82l).,  ORDBB  i471’»  1^/10-122,  sub- 
ject; "Fragmentation  Characteristics  of  Shell  and  Test  Cylinders  of  Case  and 
Forg  3d  Steels  (Project  TA1-15U6d)"» 

However,  if  the  assumptions  relative  to  the  nature  of  terrain,  effect 
of  fragment  velocities,  and  wound  ballistics  contained  in  various  Ballistic 
Research  laboratories  Reports,  by:  T.  Sterne,  et  al,  are  followed,  the  con- 
clusions probably  would  bo  changed  and  the  shell  and  explosive  combinations 
giving  fine  degrees  of  fragmentation  might  be  moved  up  into  higher  catego- 
ries of  preference.  This  involved  decisions  to  be  made  only  after  consider- 
ation by  higher  echel^s,  such  as  Service  Board,  OPO,  and  "VTSES,  and  probably 
would  require  acquiring  information  on  fragmentation,  velocity  and  distribu- 
tion patterns  vdxich  is  presently  not  available. 

Regardless  of  which  of  above  criteria  are  used,  however,  it  appears  that 
the  Comp  F-loaded  Tj^pe  BD-IO6-I  shell  yielded  fragmentation  properties  slight- 
ly superior  to  those  of  the  THT=*loaded  Type  HB-IO6-I  shell.  Both  Tir^  and  Comp 
B-loaded  Type  BD-IO6-I  siiel  1 metal  parts  j^d-cldcd  fragmentation  characteristics 
superior  to  those  of  sinilhrly  loaded  Shell,  HE,  60  mm,  T2J4.  Metal  Parts  as 
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PICATINNY  ARSENAL  FRAGMENTATION  TEST 

J.'ortor  60mm  Boat  Tail  Folding’.  Fin 
o . ...  Steel,  Carbon,  Ear  Stock;  FS  1020  j 

Projectile:  gpg^,^  QQ-S-663  Kfgd  by  Budd  Co  Record  No:  2340 

Explosive  Filler:  TNT  Derlgn  ED-106-1  Sheet L of 1. 

Type  Fuze:  P.D.  1.152  Mod.  Initiated  with  an  Eng.  Date-  ® -'iay  1954 
Corps  Blasting  Cap. 

Size  of  Box:  8"  x 8”  x 16”  l/2”  Pine 

Recovery  Medium:  Sawdust  ^8  Mesh  Screen  and  Magnetic  Separator 


PROJECTILE  NO. 


ted  b'  ’ 


Wt.  Empty  Lbs. 


Wt.  Loaded  Lbs. 


No.  0 Group  Not 


' larte 


Alum 


2.  68 


4.30 


Through  a |l0  Mesh  Screan  (TJ.  S.  Std  S ieve  .Series) 


0 to  H Grs.  Counted!  wt. 


Steel 


2.68 


4.29 


No.  1 Group 
Vs  to  2 Grs. 


Wt.  Lbs. 


Wt.  Lbs. 


No.  3 Group 
6 to  10  Grs. 


Wt.  Lbs. 


No.  4 Group 
10  to  26  Grs. 


Wt.  Lbs. 


No.  6 Group 
26  to  60  Grs. 


Wt.  Lbs. 


No.  6 Group 
60  to  Y5  Grr 


76.  to  160  .Grs. 


No.  8 Group 
160  to  760  Grs. 


Wt.  Lbii. 


No.  9 Group 
760  to  2600  Grs. 


Wt.  Lbs. 


No.  10  Gr-iup 
2500  Vic*.  itortjer 


"W t.  Lbs. 


Totui  No. 


Te'.:-it  tVt.  Lbs 


% of  Fragments  Recovered 


Photo  No. 


M44781 


1.144782 
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Desli-n  BD-106-1 


Projectile;  same 
Exploeive  Filler:  TKT 
Type  Fuze: 

Size  of  Box: 

Recovery  Medium ; 


V/t.  Empty  Lbs. 


Wt.  Loaded  Lbs. 


No.  0 Group  ^<Ot  j Through  a 
0 to  H Grs;  Counte|wi.  Lba. 


No.  1 Group 


H to  2 Grs. 


No.  2 Group 
2 to  6 Grs. 


No.  3 Group 
6 to  10  Grs. 


No. 

4 

Group 

10  to 

26  Grs. 

No. 

6 

Group 

25  to 

60  Grs. 

No. 

6 

Group 

60  to 

75  Grs. 

No. 

7 

Group 

76 

to 

160  Grs. 

No. 

8 

Group 

160 

to  750  Grs. 

No. 

9 

Group 

750 

to  2600  Grs. 

No. 

10  Group 

2600 

and  Larger 

No. 


Wt.  I.bs. 


No. 


Wt.  Lbs. 


No. 


No. 


Wt.  Lbs. 


No. 


No. 


Wt.  Lbs. 


No. 


Wt.  Lbs. 


No. 


Wt.  Lbs. 


No. 


Wt.  Lbs. 


No. 


Wt.  Lbs. 


Test  Record  No;  2340 
Sheet  ^ of  4 
Date:  5 ^:aY  1954 


PROJECTILE  NO. 


4.30 


Al’om 


(U.  S.  Std  $ieve  Series) 


Total  WL  Lbs. 


yv  of  Fragments  Recovered 


n 7?.fi 


2.67 
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PICATINNY  ARSENAL  FRAGMENTATION  TEST 


Projectile:  same 

Explosive  Filler:  Corap  E Design  BD-106-1 
Type  Fuze: 

Size  of  Box: 

Recovery  Medium: 


Test  Record  No:  23 

Sheet 2_  of  4 

Date:  6 May  1954 


PROJECTILE  NO.  p 


Steel 


Wt.  Elmpty  Lbs. 


Wt.  Loaded  Los. 


No. 

0 

Ko  t 

0 to 

^ Counted 

No. 

1 

Group 

H to 

2 Grs. 

No. 

2 

Group 

2 to 

> Grs. 

No. 

3 

Group 

6 to 

10  Grs. 

No. 

4 

Group 

10  to 

26  Grs. 

No. 

6 

Group 

26  to 

60  Grs. 

1 No. 

6 

Group 

60  to 

76  Grs. 

No. 

7 

Group 

76 

to 

150  Grs. 

No. 

8 

Group 

160 

to  760  Grs. 

No. 

9 

Group 

760 

to  2600  Grs. 

No. 

1 

C Group 

260 

and  Lai'ger 

2.  68 


4.3G 


Through  a to  Mesh  Scre^  (U.  S.  Std  iieve  Senes) 


4.35 


No. 


Wt.  Lbs. 


No. 


Wt.  Lbs. 


No. 


Wt.  Lbs. 


No. 


Wt.  Lbs. 


No. 


Wt.  Lbs. 


Wt.  Lbs. 


No. 


Wt.  Lbs. 


No. 


Wt.  Lbs. 


No. 


Wt.  Lbs. 


No. 


Wt.  Lbs. 


Total  No. 


Total  Wt.  Lbs. 


% of  Fragments  Recovered 


Photo  No. 

fifiNFinFNT!A!  “ 


2332 


2381 


A.  DOVf  A.  ■.  i. 
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PICATINNY  ARSENAL  FRAGMENTATION  TEST 


Projectile:  same 

Explosive  Filler:  Comp  Design  ?D-106-1 

Type  Fuze : 

Size  of  Box: 

Recovery  Medium: 


Test  Record  No:  2340 

Sheet £ of  4 

Date:  6 May  19 L4 


PROJECTILE  NO. 


Empty  Lbs. 


Loaded  Lbs. 


No.  0 Group  Not 


0 to  ^ Gr*.Counted  wt  Lba 


No.  1 Group 
^ to  2 Gr«. 


No.  2 Group 


2 to  6 Grs. 


No.  3 Group 
6 to  10  Grt. 


No.  4 Group 


10  to  26  Gn. 


No.  6 Group 
26  to  60  Gn 


No.  6 Group 
60  to  76  Gn. 


No.  7 Group 


76  to  160  Gn, 


No.  8 Group 
160  to  750  Gn. 


No.  9 Group 


760  to  2500  Grs. 


No.  10  Group 
2500  and  Larger 


Total  No. 


Total  Wt.  Lbs. 


% of  Fragments  Recovered 


Photo  No. 
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NOTICE:  WHEN  GOVERNMENT  OR  OTHER  DRAWINGS,  SPECIFICATIONS  OR  OTHER  DATA 
ARE  USED  FOR  ANY  PURPOSE  WHER  THAN  IN  CONNECTION  WITH  A DEFINITELY  RELATED 
GOVERNMENT  PROCLUEMENT  OPERATION,  THE  V.  S.  GOVERNMENT  THEFiEBY  INCURS 
NO  RESPONSIBILITY,  NOR  AKY  OBLIGATION  WHATSOEVER;  AND  THE  FACT  THAT  THE 
GOVERNMENT  MAY  HAVE  FOllMULATED,  FURNISHED,  OR  IN  ANY  WAY  SUPPLIED  THE 
SAID  DRAV/INGS,  SPECIFICATIONS,  OR  OTHER  DATA  IS  NOT  TO  BE  REGARDED  BY 
IMPLICATION  OR  OTHERWISE  AS  IN  ANY  MANNER  LICENSING  THE  HOLDER  OR  ANY  OTHER 
PERSON  OR  CORPORATION,  OR  CONVEYING  ANY  RIGHTS  OR  PERMISSION  TO  MANUFACTURE, 
USE  OR  SELL  ANY  PATENTED  INVENTION  THAT  MAY  IN  ANY  WAY  BE  RELATED  THERETO. 
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